Background: To determine the direct and indirect costs of outbreaks of acute viral gastroenteritis (AVG) due to norovirus in closed institutions (hospitals, social health centers or nursing homes) and the community in Catalonia in 2010-11. Methods: Information on outbreaks were gathered from the reports made by epidemiological surveillance units. Direct costs (medical visits, hospital stays, drug treatment, sample processing, transport, diagnostic tests, monitoring and control of the outbreaks investigated) and indirect costs (lost productivity due to work absenteeism, caregivers time and working hours lost due to medical visits) were calculated. Results: Twenty-seven outbreaks affecting 816 people in closed institutions and 74 outbreaks affecting 1,940 people in the community were detected. The direct and indirect costs of outbreaks were € 131,997.36 (€ 4,888.79 per outbreak) in closed institutions and € 260,557.16 (€ 3,521.04 per outbreak) in community outbreaks. The cost per case was € 161.76 in outbreaks in closed institutions and € 134.31 in community outbreaks. The main costs were surveillance unit monitoring (€ 116,652.93), laboratory diagnoses (€ 119,950.95), transport of samples (€ 69,970.90), medical visits (€ 25,250.50) and hospitalization (€ 13,400.00).
Background
Acute viral gastroenteritis (AVG) is a major cause of morbidity in developed countries, with caliciviruses, and especially norovirus, being the most-frequent causal agents.
In Catalonia, norovirus is responsible for 33.3 % of outbreaks of gastroenteritis, affecting more than 1,000 people every year although the hospitalization rate is low [1, 2] . However, there is evidence that hospitalizations and deaths due to AVG are not very frequent but appear to be increasing, with 799 to 3,410 admissions attributed to norovirus in the seasons with the lowest and highest norovirus activity, respectively in England during the years 2000 to 2006 [3] . In the United States, sporadic and outbreak-associated norovirus is estimated to cause around 800 deaths and 70,000 hospitalizations each year, increasing during epidemic years associated with emergent strains and with advancing age [4] and, especially, long term health-care settings [5] .
In Catalonia, the number of outbreaks of acute gastroenteritis (AG) has gradually declined in recent years from 222 in 2005 to 111 in 2009, probably because of the reduction in the number of outbreaks caused by Salmonella spp [6] . Likewise, there were 57 outbreaks due to norovirus in 2005 in comparison to 34 in 2009 yet the incidence rates of cases associated with outbreaks remained high (18.4 per 100,000 persons/year in 2005 to 31.7 per 100,000 person years in 2009) [2] .
Studies have estimated the cost of AVG as € 16 million in Malta, €345 million in the Netherlands and A$ 342.8 million in Australia [7] (€240.13 million). The cost of outbreaks varies widely from $ 40,675 (€30,178.71) [8] to £1,200,000 (€1,514,921.67) [9] according to the number of cases and their severity and according to the different components measured and the perspective used.
Although AVG has a benign course, it generates a significant consumption of health resources. To date, there are no data on the economic impact of AVG in Catalonia and the resources used by the Public Health Agency of Catalonia in monitoring and controlling of outbreaks of AVG is unknown.
The aim of this study was to determine the direct and indirect costs of outbreaks of AVG due to norovirus in closed institutions (hospitals, social health centers and nursing homes) and the community in 2010-2011 in Catalonia.
Methods
In Catalonia, epidemiological surveillance units (ESU) of the Public Health Agency of Catalonia are responsible for the control and monitoring of outbreaks of AVG. When an outbreak is reported to the ESU, monitoring, treatment and control of the outbreak is initiated. Stool samples are taken and sent for analysis to the microbiology laboratory of the Vall d'Hebron hospital in Barcelona.
Acute gastroenteritis was defined as diarrheal disease of rapid onset often accompanied by nausea, vomiting, fever, or abdominal pain. Outbreaks of AG were defined as AG affecting two or more persons who had similar clinical signs and symptoms, and had the same exposure to a common source of infection or by person to person transmission, or were epidemiologically linked. Epidemiological surveillance questionnaire is completed to carry out the investigation of the outbreak. Variables included in the questionnaires were demographic and clinical variables of cases such as gender, age, onset and duration of symptoms, medical consultation and treatment, occupation and need for work leave; as well as virological information obtained from stool sampling and analysis at the microbiology laboratory. Stool samples were taken from patients, workers and food handlers. Stool samples were pre-screened using standard microbiological tests to rule out bacteria and parasites and stored at −20 C Enzyme immunoassay (EIA) were performed on stool specimens. Additionally, reverse transcriptase-polymerase chain reaction (RT-PCR) detection was performed according to standard guidelines. Norovirus genotyping was performed by sequencing the amplimers obtained with the JV12/JV13 pair of primers. In outbreaks where less than three samples were collected, Kaplan's criteria were followed [10] .
All data collected during the study period was assessed. Although some data regarding food handlers, such as age, exposure to suspected food source of infection and previous AG was not always available it wasn't considered relevant for the cost analysis.
To determine the cost and resource consumption generated by types of outbreaks we analyzed outbreaks in closed institutions (hospitals, nursing homes and social health centers) and community outbreaks. Community outbreaks include all other community settings such as school, restaurants and catering facilities.
Direct costs
Direct costs were those that are closely related to the disease. We differentiated between direct healthcare and non-healthcare costs. We calculated the cost of outbreaks of AVG due to norovirus using information obtained from the reports made by the ESU from January 1st 2010 to December 31st 2011 as to the following variables: number of medical visits, hospital stays, drug treatment, sample processing, transport, diagnostic tests, monitoring and control of the outbreaks investigated to calculate direct costs of the outbreaks
Direct healthcare costs
Including the cost of medical visits, drug treatment and hospitalizations.
Cost of medical visits
This was calculated by multiplying the number of medical visits made (patients seen in primary care centers, in hospital emergency rooms, subsequent hospital visits, medical visits in the institution where the outbreak occurred, and private medical visits) by the unit cost of each type of visit (€ 60, €118, € 51, € 30 and €70, respectively). The weighted mean cost was calculated according to the formula:
Σ the sum w the weights x the value And the resulting cost to apply per visit was €61.85 in outbreaks in closed institutions and €56.93 in community outbreaks. This cost was obtained considering that patients affected by outbreaks in closed institutions made a total of 45 visits and those affected by community outbreaks made 401 visits.
Cost of drug treatment
We differentiated between the cost of supportive drug treatment and the cost of antibiotics. The number of patients receiving each drug prescribed recorded in the ESU reports was multiplied by the unit cost (retail price). Support drugs prescribed were: antipyretics, anti-emetics, intravenous fluids, and others.
Cost of hospitalization
Hospitalization costs were calculated by multiplying the number of people admitted to hospital by the number of hospital days (2.5 days for outbreaks in closed institutions and 2 days in community outbreaks) and by €536 per day of stay.
Direct non-healthcare costs
These included the costs of laboratory diagnosis, ESU monitoring and control, patient travel expense for medical assistance, and the transport of samples.
Laboratory diagnosis
Bacterial cultures and molecular techniques (RT-PCR) and were performed for all samples. Both tests were evaluated using the unit cost of the Vall d'Hebron hospital (€66.25 for PCR and €46.38 for bacterial culture).
Cost of epidemiological surveillance unit monitoring and control
The cost of ESU monitoring and control of outbreaks was calculated considering the time spent by technicians per outbreak and the cost per hour of the technicians (€ 15.15/hour), was calculated according to the salary table for level 22-23 civil service employees of the Generalitat of Catalonia (monthly salary of €2,499.30), and hours worked (7.30 hours/day, 22 days/month).
Cost of travel of cases
The number of persons who travelled for medical assistance was multiplied by the distance in kilometers for a round trip and by €0.30/km (travel rate for Government of Catalonia staff). Cases in closed institutions travelled 2.7 km, with a cost per case of €0.81, and cases in the community travelled 6 km, with a cost of €1.81 per case.
Cost of transport of samples
Samples were collected by physicians attending cases and sent to the reference laboratory at the Hospital Vall d'Hebron in Barcelona. The cost of transporting a sample was obtained from the mean cost of immediate special delivery courier services in 2010 and 2011, resulting in a cost of €65.70 per sample in each of type of outbreak.
Calculation of indirect costs
Indirect costs refer to the impact of the disease in patients regarding work absenteeism, incapacity for normal activities, such as school absence, and to the time spent by families caring for patients, and the time used by patients to attend medical visits. Indirect costs were calculated with lost productivity due to work absenteeism, caregivers time and working hours lost due to medical visits.
Work absenteeism
This was calculated using the human capital method, which considers the value of days lost to absenteeism, equal to the value of lost productivity. Two elements were considered: days off work and the gross average inter-professional salary (€2,037.40 per month in 2011, representing a cost of €92.60/day).
Cost of time of children aged less than 14 years
The cost of school absence due to AVG in children aged < 14 was calculated by multiplying the days of absence by the cost per day according to the 2011 minimum wage (€ 641.40 per month).
Cost of time of informal caregivers
The ESU reports did not contain information on the number of days families spent caring for family members affected by AVG. Therefore, we very conservatively attributed 4 h daily to this care. The cost per hour was based on the minimum wage (€641.40 per month in 2011), and yielded a cost of €21.25 day.
All costs are expressed in 2011 Euros. The study was carried out from the perspectives of the society and the service provider. No discount rate was applied. To determine the consistency of the estimates used, we made a sensitivity analysis in which the following variables were increased or decreased by 25 %: mean salary of caregivers, time of follow up of AVG outbreak, days of work or school absence in adults and children, cots of support treatment, cost of hospitalization, length of hospital stay and number of diagnostic tests.
Data may be available upon request to the authors. The authors did not need any authorization to analyse data originated from outbreaks investigation by public health epidemiologist. The information on outbreaks gathered from the reports made by epidemiological surveillance units belongs to our institution (Public Health Agency of Catalonia).
Results
In 2010-2011, 101 outbreaks of AVG due to norovirus were investigated in Catalonia, 66 in 2010 and 35 in 2011 ( We identified, quantified and evaluated resource consumption for the two types of outbreak. Table 2 shows the cost components evaluated and the unit costs of each component according to the ESU reports. In cases where the information was not available, it was estimated according to the specifications listed below. Table 2 shows the cost components of outbreaks of AVG due to norovirus in 2010-2011. Those affected by outbreaks in this period generated 446 medical visits, a rate of 0.16 visits per year per case. Twelve patients required a total of 25 hospital days, representing 2.1 days per admission and 0.166 days per 100,000 population. A total of 452 (16.4 %) patients required supportive drug treatment and 0.76 % required antibiotics. A total of 1,065 samples were processed by RT-PCR and culture determinations. These two components were applied to 38.64 % of the patients and were transported by courier service for laboratory analysis. The cost was calculated according to the number of samples obtained in each group (476 in institutionalized patients and 589 in community outbreaks).
The cost per case of ESU monitoring and control of outbreaks was €38.12 in institutional outbreaks and €44.06 in community outbreaks. There were 222 days of work absenteeism, 231 days of school absenteeism and 227 days of informal care, a rate per case of 0.081, 0.084, and 0.082, respectively.
The weighted mean cost was €3.00 per patient in outbreaks in closed institutions and € 3.01 in patients in community outbreaks. The same procedure was used to calculate the cost of antibiotics. The antibiotics prescribed were amoxicillin and amoxicillin plus clavulanic acid). The weighted mean cost obtained was €3.34 per patient in closed institution outbreaks and € 2.95 per patient in community outbreaks. During the study period there were two deaths in elderly people aged 90 and 101 years, respectively, with AVG, but due to comorbidities, deaths were not attributed to AVG and therefore the cost per death were not calculated.
The sensitivity analysis shows that modifying the study variables produced only small variations in the cost per outbreak and therefore the results of the analysis for the base case were consistent (Table 4 ).
Discussion
In 2010-2011, most outbreaks of AGV due to norovirus (74 % of outbreaks and 70.4 % of cases) occurred in the community. However, the cost per outbreak in the community (€134.31) was 12.7 % lower than the cost of outbreaks in closed institutions (€161.76), due to the greater severity, and therefore greater use of resources, of cases in closed institutions. The proportion of outbreaks occurring in closed institutions varies between the 71 % found by Fretz et al. [11] in Switzerland, the 39 % found by Blanton et al. [12] in the United States, the 72 % observed by Hellard et al. [7] in Australia, and the 82 % found by Van den Brandhof in Holland [13] . In Catalonia, the cost of AVG outbreaks in 2010-2011 was €392,554.52. Direct costs accounted for 88.50 % of the total: medical visits, days of hospital stay and drug treatment accounted for 10.20 %, laboratory diagnoses for 48.38 % and the ESU for 29.72 %. Indirect costs accounted for the remaining 11.50 % of the total cost due to lost productivity from time off work or school of cases. Gauci et al. [14] found that direct costs accounted for 70.25 % of the cost of outbreaks of infectious intestinal disease in Maltese community, while Dalton et al. [15] found direct costs accounted for 92 % of the total in a study in food handlers in Denver (Colorado, USA) and Lucioni et al. [16] found direct costs were 78 % of the total in a study of the consumption of contaminated food in Puglia (Italy). Other studies of outbreaks of AVG have found a lower proportion attributable to direct costs, such as the 18 % found by Van den Brandhof et al. [13] and the 22 % observed by Hellard et al. [7] with a restriction of normal activity occurring in 52 % of cases.
When comparing the result obtained in our study in which the cost per case in the community outbreaks is of €134,31, with other studies, there is a great variability. In the study of Henson et al. [17] "Gastrointestinal Estimation of the costs of acute illness in British Columbia, Canada" carried out between June 2002 and June 2003, the cost per case was 2,170.20 €, while in the study of Gauci et al. [14] it was 103,52 €. In the study of Van de Brandhof et al. [13] carried out in Holland, the cost per case of AVG was of €77 and in the community study carried out by Hellard et al. [7] in Australia €14,27. The variability of the results, not taking into account differences of costs of each health system and of occupational loss of productivity that can exist among different countries, is motivated fundamentally by the severity of the symptoms and the number of days lost of work of cases.
In our study, the number of days of lost productivity was 0.08 days per case, school absenteeism was 0.084 days per case and days of care were 0.082. Gauci et al. found similar results: 0.26 days of lost productivity, 0.0784 days of school absenteeism and 0.0045 days of care [14] .
The hospitalization rate in our study was 0.44 %, similar to the rate reported by Van den Brandhof et al. (0,5 %) [13] but higher than the rate reported by Hellard et al. [17] . In contrast, Gauci et al. found that as much as 6.35 % of cases were hospitalized [14] . In our study, direct costs included diagnostic tests and the transport of samples for analysis. These two components were applied to 38.64 % of patients, accounting for 48.38 % of the total cost, whereas in other studies diagnostic test were prescribed in only 4.46 % [7] and 5.40 % [14] of cases. Given the high cost of these components (30.56 % of direct costs on laboratory diagnosis and 17.82 % on transport of samples to the reference laboratory for analysis), it seems appropriate to search for cheaper alternatives such as availability of laboratory tests in a wide range of clinical laboratories, not only public health facilities.
To reduce the costs it would be convenient that cases were reported as soon as they are detected, to avoid growing number of cases. Moreover in closed institutions, strict hygiene and preventive guidelines should be followed to avoid onset of new cases. Another aspect that would reduce the cost of outbreaks would be to concentrate clinical samples for transport and processing them all together. Although this can cause delay in confirmation of the causal agent and could therefore derive in the appearance of more secondary cases. In this sense it would be convenient to carry out a cost-effectiveness study to assess which alternative is more cost saving : to keep on with the current procedure of sending the samples when cases are reported or sending them in a more aggregated manner that would decrease transportation and processing costs.
We found that the cost of ESU monitoring was €900.60 per outbreak. Zingg et al. [8] estimated these costs at $ 1,408 (€1,045.67) per outbreak but did not include them in their study, arguing that these units already exist and no extra staff were needed. We included these costs in the study on the grounds that the functioning of the units has an opportunity cost, and if staff were not monitoring AVG outbreaks they could be monitoring another public health problem.
Our results show that 2,756 cases of AVG due to norovirus occurred in Catalonia in 2010-2011 [18] . Taking the population of Catalonia at this time [19] , this represents a rate of cases associated to outbreaks of 18.3 per 100,000 persons/year . However, the true rate may be higher, since we only studied reported outbreaks and did not take into account sporadic cases or non-reported outbreaks. The rate is slightly lower than those of previous years ranging from 18.4 per 100,000 persons/year in 2005 to 31.7 per 100,000 persons/year in 2009 [2, 20] .
There were two deaths registered in AVG cases during the study period, yet the cause of death was finally reported as unrelated to AVG disease but instead caused by pre-existing underlying diseases. Although AVG can be potentially life-threatening in immunocompromised patients, the fact that no immunocompromised patients were reported could explain the low mortality observed in our study.
As other authors have stated, we cannot rule out the possibility of unreported deaths due to AVG. Trivedi et al. in a study of nursing homes in the states of Oregon, Wisconsin and Pennsylvania in 2009-2010 found that deaths due to norovirus rose from 41.9 per residence per year when there were no outbreaks to 53.9 per residence per year when outbreaks occurred. The authors estimated an overall excess mortality of 11 % in the study population [21] .
The cost per outbreak of AVG due to norovirus in Catalonia (€3,534.49) was within the lower range of that found in other studies: $ 40,675 [8] (€30,178.71), $ 657,644 [22] (€488,067.81) and £1.2 million (€1.5 million) [9] . In these studies, there were a large number of healthcare workers affected, and it was necessary to close beds in affected hospitals, a situation that did not occur in our study.
Limitations to the study include underreporting of small outbreaks and no reporting of sporadic cases; no ward closures in long-term care facilities or hospitals and, in foodborne outbreaks, only on primary and secondary cases were investigated, no information was gathered for tertiary person to person spread. Epidemic outbreaks of any kind, are under a statutory reporting condition and because norovirus AG is not a notifiable disease in Spain, as in most countries, outbreaks are the only feasible tool for research studies. These are all issues that underestimate the economic and disease burden caused by norovirus.
This study is an example of applied research. An example on how and why public health activities should be assessed. Public health performance is evaluated according to different outcomes, and the economic aspects are something that are not assessed as often as they should be. There is no doubt in considering that the information that this work brings up is best for those health professionals that work in outbreak management and surveillance, but it may also be considered informative to citizenship to learn on how part of their taxes are spent. In all, economic assessments should be carried out in a systematic manner to be aware of the economic burden a public health performance represents and be able to achieve a more efficient management of outbreaks.
Conclusions
In conclusion, the cost of outbreaks of AVG due to norovirus was influenced by the number of cases and the severity of the outbreak, which determined hospitalizations and work absence. Urgent reporting of outbreaks to the ESU is essential in order to take rapid action to reduce the number of cases and the length of the process.
The lack of widespread availability of laboratory confirmation RT-PCR technique makes it necessary to transport case samples from place of outbreak occurrence to the public health laboratory. This fact increases outbreak investigation expense, thus norovirus testing and confirmation should be more readily available to microbiology laboratories enhancing detection of sporadic cases that are now under detected.
Health education for food handlers and outbreak control measures (such as hand washing, which has been shown to reduce episodes by 30 %) [23, 24] should be stressed in order to reduce the incidence of outbreak-related cases and in turn, their cost. Dedicating scarce resources to a specific intervention means that other actions, which might be more efficient, are not carried out. Preventive measures for outbreaks of AVG due to norovirus should be intensified, given the health and social costs they represent.
